Cathodic reduction of M0S2 in DMSO electrolytes containing alkali cations A+ results in the formation of defined ternary phases A+o.i25 (DMSO) y [MoS2] 0125_ with highly mobile solvated interlayer cations. Reduction of M0S2 in DME electrolytes yields similar products. Basal spacings are dependant on solvent type and on ionic radius of A+. Further reduction of these compounds is associated with irreversible processes.
Introduction
The intercalation of alkali and alkaline earth metals into layered transition metal dichalcogenides MX2 (M = metal, X = S, Se) of group IVb to group VII b elements has first been reported by RÜDORFF 1 . Bonding between the alkali atoms A and the chalcogenide layers in the resulting compounds Aa;MX2 is essentially of ionic character 2 to be carried out in solvents which are rather stable towards cathodic decomposition. In this communication we report on the electrochemical reduction of M0S2 and WS2 in dimethylsulfoxide (DMSO) and 1,2-dimethoxyethane (DME) electrolytes.
A decisive advantage of the electrochemical method as compared to chemical reduction is the possibihty to prepare definite intercalation stages provided the reduction of weighed samples is performed under controlled current conditions. The potential of the MX2 electrode is a reference for the progress of the intercalation; at very low current densities this potential is close to the equilibrium value. If in the course of the reduction compounds with distinct difference in energy are formed successively, the potential of the MX2 electrode changes stepwise. From these steps stoichiometric relationships can be calculated.
Results and Discussion
Potential-time curves of the galvanostatic reduction of 2 H-M0S2 (converted to charge transferred per mg M0S2) in solutions of Li+, Na+, K+, Rb+ and Cs + salts in dimethylsulfoxide (DMSO) are shown in Fig. 1 . of the product. The calculation of stoichiometrics from the amount of charge consumed until a step in potential is reached is only vahd on the assumption that (i) no current loss arises by side reactions and that (ii) the intercalation proceeds at a rate which allows a gwasi-equilibrium distribution of A+ in the host lattice at any time. These two conditions are to some extent conflicting as with increasing current density, i.e. increasing reaction rate, condition (ii) may no longer apply (charge transfer required to produce a step decreases) whereas with decreasing current density the background current caused by side reactions becomes relatively more important (charge transfer required to produce a step increases). Studies at different current densities in the system M0S2/DMSO electrolyte demonstrated, however, that both conditions are accomplished in the current range investigated. The correlation between potentials measured during the galvanostatic intercalation of ions I into a solid S and the equilibrium potentials of I^S is increasing with increasing mobility of I in S (= lower concentration polarization) and with decreasing activation energy of the intercalation (= lower activation polarization). Since the specific conductivities of DMSO electrolytes are high, the polarization in the liquid phase may be neglected at current densities up to some mA • cm -2 . The mobility of the cations A+ in Aa+(DMSO)v [M0S2]*-must be considerable for compounds with A+: M0S2 = 1:8. This can be estimated from the nearly rectangular shape of the potential/charge curves in Fig. 1 . As a low mobility of the cations A+ would result in a nonuniform distribution within the host lattice, the potentials measured in this case should be expected to differ from the equilibrium potential of one definite compound and to present a mixed potential which in addition might be falsified by a large diffusion polarization. Potential-charge curves under these conditions should be characterized by a more or less continuous slope instead of a significant sharp step.
It is known from investigations of related phases by
The existence of a quasi-equihbrium distribution of A+ in the course of a galvanostatic electrolysis can be controlled by the effect of current interruption on potential. For a "high mobility intercalate" forming one defined phase in a reversible reaction, the potential drop expected should be fast and small. In case of a slow internal equilibration of the intercalate species an equivalent slow drift in potential should result. An examination of the M0S2 reduction in KPFe/DMSO showed that the potential in the range 0 < x <0.125 remains practically constant after interruption (= low activation and concentration polarization), whereas for x> 0.125 the potential drifts substantially to more positive values.
The coulombic efficiency of a galvanostatic reoxidation of Ao.i2s(DMSO)MoS2 is low as is already indicated by the low peak area of the reoxidation peak in Fig. 2 a compared (Fig. 2b) . The area of the reoxidation peak [II] is nearly independent on the preceeding cathodic load and therefore this second reversible peak cannot be due to a stable compound. Reduction of M0S2 in solutions of alkali salts in 1,2-dimethoxyethane (DME) proceeds very similar to the reactions in A+/DMSO electrolytes. The potential/charge-curves are not characterized by a significant step but products Aj(DME)MoS2 obtained after the theoretical charge transfer calcu-lated for x = 0.125 showed sharp X-ray reflections. Whereas the basal spacing of the Li+ form with 14.49 Ä is close to the spacing for the correspondent DMSO solvate, the spacings of the Na+ and K+ form amount to 15.5 Ä resp. 14.98 Ä and thus are considerably lower as compared to the Na+ and K + compounds obtained in DMSO solutions (Table I) . It is obvious, however, that solvent molecules have been taken up into the interlayer space in all cases. The ratio of the anodic: cathodic peak areas in CVs in KPFe/DME was found to be smaller than that observed for KPF6/DMSO electrolytes. X-ray investigations were performed by powder methods in sealed glass capillaries with CUKQ radiation. Precautions were taken to exclude moisture and oxygen on transfer of the sample material to the capillaries.
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